Introduction
============

Keloids are benign fibrous tumors[@JR160207-1] that emerge as reactions to abnormal skin healing. Keloids develop due to the response of connective tissue to trauma and inflammation, burns, "piercing," or surgeries in areas of high tension in the body, in predisposed individuals[@JR160207-1] [@JR160207-2]. Keloids may occur at any age regardless of gender; however, they tend to occur more frequently in individuals between 10 and 30 years of age. There is a higher prevalence in patients with dark skin and in the areas of the ear, shoulder, and chest[@JR160207-3].

The keloid appears as a thick and smooth[@JR160207-2] scar that extends beyond the original wound and may cause increased tension on the skin, leading to local deformation[@JR160207-3]. Keloids usually start to grow within the first year after the trauma occurs, and they rarely regress on their own[@JR160207-2]. The main symptoms associated with keloids are tingling, burning, and itching, leading to functional changes and discomfort[@JR160207-1].

At the cellular level, the characteristics of keloids include uncontrolled synthesis and deposition of excessive collagen and glycoproteins[@JR160207-2]. It has been demonstrated that keloids are composed of polyclonal fibroblasts that are intrinsically normal, but exhibit abnormal responses to extracellular signals, thus resulting in excessive collagen production and decreased degradation of fibrotic scar tissue[@JR160207-1].

Differential diagnosis of keloids is made with hypertrophic scars, which are scars confined to the margins of the original wound and often show spontaneous regression[@JR160207-2]. This distinction is very important, as these entities require different treatment strategies.

The retroauricular approach is widely used in otolaryngology, both in middle ear surgery (tympanoplasty, tympanomastoidectomy) or in the external ear (otoplasty) for either functional or purely aesthetic outcomes; this approach may result in a potential site of origin of keloids due to creating an area of high skin tension.

The objective of this study was to assess the epidemiology of patients with keloids (age, sex, skin color, procedure that led to the keloid) and the results of patients undergoing treatment of keloids after ear, nose, and throat (ENT) surgeries at our service center.

Method
======

This study was approved by the Ethics Committee on Human Research of the HC/UFPR.

A chart review was performed for patients undergoing treatment of retroauricular keloids in the otorhinolaryngology service center, during the period of 2006 to 2009, and we prospectively evaluated patients undergoing keloid resection in 2010, with a protocol and evaluation of photos (pre- and postoperative).

We evaluated the type of surgery that resulted in the keloid, surgery for keloid resection, postoperative adjuvant treatments (beta-therapy or intralesional application of corticosteroids), number of recurrences and reoperations, characteristics of the recurrence (presence of redness, telangiectasia, coloring, and size of the scar), associated symptoms (pain and itching), and patient satisfaction about the outcome.

Results
=======

We evaluated 9 patients (13 ears), aged between 9 and 27 years, including 6 men and 3 women.

Four patients developed keloids after otoplasty, 2 after tympanoplasty, 1 after mastoidectomy, 1 after surgical correction of a congenital malformation (preauricular sinus), and 1 after a surgery that was performed at another institution (and thus cannot be described).

Patients underwent 6 sessions of beta-therapy at the Erasto Gaertner Hospital, and 2 patients had started taking corticosteroids and received beta-therapy late.

Two patients received only local corticosteroids (betamethasone 3mg, Celestone^®^ soluspan), and 1 patient did not undergo adjuvant therapy since the keloid was very small.

After the use of adjuvant therapies, we maintained the use of triamcinolone ointment 1 mg (Oncilom^®^) with massage, for approximately 2 months.

The results are shown in [Table 1](#TB160207-1){ref-type="table"} and [Figures 1](#FI160207-1){ref-type="fig"}, [2](#FI160207-2){ref-type="fig"}, and [3](#FI160207-3){ref-type="fig"}.

![Case 3: Preoperative (left) and postoperative 3 months (right).](10-7162-s-1809-97772012000200007-i160207-1){#FI160207-1}

![Case 2: Post-operative 3 months.](10-7162-s-1809-97772012000200007-i160207-2){#FI160207-2}

![Case 1: Postoperative 1 year and 1 month.](10-7162-s-1809-97772012000200007-i160207-3){#FI160207-3}

###### Results.

  Patient   Previous surgery                                         Treatment                                                           Recurrence
  --------- -------------------------------------------------------- ------------------------------------------------------------------- ---------------------
  1         Bilateral after otoplasty                                Resection + betatherapy + ointment\*\*                              no recurrence
  2         Bilateral after tympanoplasty                            Resection + betatherapy + ointment\*\*                              no recurrence EL
                                                                                                                                         mild hypertrophy ER
  3         Bilateral after otoplasty                                Resection unilateral (longer side) + betatherapy                    no recurrence
  4         Bilateral after otoplasty                                Resection + CTC\*\*\* + ointment\*\*                                no recurrence
  5         Unilateral after mastoidectomy                           Resection + CTC\*\*\* + betatherapy \*+ ointment\*\*                recurrence
  6         Unilateral after tympanoplasty                           Resection + CTC\*\*\*                                               no recurrence
  7         Unilateral after otoplasty                               Resection + re making of sutures master of Mustardé + betatherapy   no recurrence
  8         Unilateral after correction of congenital malformation   Resection only                                                      no recurrence
  9         Unilateral                                               Resection + betatherapy + CTC\*\*\*                                 no recurrence

\* Betatherapy started late (2 months)

\*\* Corticosteroid triamcinolone ointment 1mg (Oncilom ®)

\*\*\* CTC = corticosteroid injection 3mg intralesional betamethasone (Celestone ® Soluspan)

The surgical technique is illustrated in [Figure 4](#FI160207-4){ref-type="fig"}. The surgery was performed as follows: local anesthesia by infiltration of lidocaine 2% + aadrenaline 1:50,000, marking the margins of the keloid scar with gentian violet, creating a spindle-shaped incision, peeling the scar in layers, creating a sliding flap, hemostasis, suturing, and simple surgical wound dressing.

![Surgical procedure - resection of the spindle keloid retroauricular flap by sliding.](10-7162-s-1809-97772012000200007-i160207-4){#FI160207-4}

The beta-therapy was carried out with plates of Strontium (^90^Sr). The source of the beta-therapy was a 2-cm plate that was packed in a container, as shown in [Figure 5](#FI160207-5){ref-type="fig"}. The instructions for use indicate that the board should stay out of the container only during the treatment period, the technician must keep as much distance as possible during the application, and the source of radiation has an acrylic plate that serves as a barrier to radiation. The patient is instructed to wash the area to be irradiated and dry the skin, and not to use any product or application during the irradiation period. The timing and amount of radiation in Grays varies with each patient, depending on the extent of the wound.

![Strontium container plate (betatherapy).](10-7162-s-1809-97772012000200007-i160207-5){#FI160207-5}

Discussion
==========

Keloids are a problem that affects the quality of life of patients, not only for aesthetic reasons, but also primarily by the associated symptoms (itching, pain, burning sensation, and intolerance to some tissues)[@JR160207-4], making it necessary to utilize an effective, specific treatment approach.

The most common difficulty in treating keloids is their recurrence after surgical excision. To solve this problem, various types of adjuvant treatments have been developed.

The various treatment options used to prevent the recurrence of keloids include continuous pressure after surgery, application intralesional steroids, use of a carbon dioxide laser, application of silicone gel, administration of retinoic acid, covering with silicone gel[@JR160207-1], cryosurgery, use of chemotherapeutic agents (5-fluorouracil), intralesional interferon administration, radiation therapy, and others[@JR160207-5]. However, there is no solid evidence that these methods are effective in prevention of keloid recurrence, and radiotherapy is the only treatment shown to be effective in preventing the formation of keloids[@JR160207-1].

It is important to remember that the keloid that is formed is not radiosensitive, but the fibroblasts in the recently scarred areas are; therefore, it is necessary to apply the radiation to the connective tissue in the immediate postoperative period, during the cellular proliferation and differentiation stage, and before the fibrotic tissue has formed[@JR160207-4].

The radiotherapy techniques that are typically employed include external radiotherapy with superficial X-rays, brachytherapy with strontium (^Sr^90) or electron beams, low-dose brachytherapy[@JR160207-1], high-dose brachytherapy[@JR160207-6] [@JR160207-7], and radiation associated with pre or postoperative therapy[@JR160207-8].

The mechanism by which radiation acts is not well understood, but it is believed that radiation destroys fibroblasts, which are replaced by cells from the blood stream that migrate from other tissues[@JR160207-1].

Areas of excessive curvature of the skin can lead to greater difficulty in the delivery of postoperative radiation. Furthermore, the compression that is required for handling and radiating newly operated areas often is not well tolerated or may lead to damage to the areas that have been recently sutured. Huhne et al.[@JR160207-9] demonstrated a technique for postoperative radiotherapy that maintains the anatomical position of the ear, thus minimizing handling of the wound while maximizing the radiation dose to the target area. The external auditory canal is protected with a cotton ball and a lead shield, and the shell is filled with a moldable material (bolus Supertuff^®^), thereby creating a flat and uniform level for the helix and tragus. Another material (Superflab^®^) is used to fill the retroauricular space, thus forming a continuous surface with the propeller and the antihelical fold. It is estimated that this arrangement would keep the target areas within 95% of the dose limit of the electron beam.

At our service center, we send patients who underwent keloid resection with radiotherapy to the Erastus Gaertner Hospital (oncology hospital) to undergo postoperative beta-therapy.

Beta-therapy is accomplished using plates of ^90^Sr (Strontium 90 radioisotope) in doses of approximately 30 Gy (Gray = unit of absorbed dose)[@JR160207-4].

According to H[ochman]{.smallcaps} et al.[@JR160207-10], combining surgery with beta-therapy is the best treatment option, especially when the beta-therapy is administered 24 to 48 hours after the excision, in order to mitigate fibroplasia.

Our department obtained the best results from beta-therapy utilization when it was performed early (1 patient\'s beta-therapy was started the same day of surgery) in 4 patients. Only 1 patient received late beta-therapy (2 months after surgery), which resulted in relapse, even with early corticosteroid administration.

Postoperative percutaneous radiation therapy is associated with a few side effects, such as darkening of the skin in the treated area[@JR160207-11], but no serious adverse effects (such as the emergence of tumors) have been demonstrated, even in the long term[@JR160207-4] [@JR160207-11].

Among the variety of technical aids that are available for the treatment of keloids, intralesional injection of corticosteroids (usually triamcinolone) is used for prevention or treatment of keloids in existing wounds. This administration may be intraoperative and postoperative, and has been shown to reduce the rate of recurrence of keloids[@JR160207-11]; according to H[ochman]{.smallcaps} et al.[@JR160207-10], it reduces keloid recurrence to less than 50%.

Bermueller et al.[@JR160207-12] achieved good cosmetic results and a high degree of patient satisfaction with resection, preparation of a skin flap, and retroauricular keloid complete closure with injection of corticosteroids to prevent formation of ear lobe keloids.

In our department, for the prevention of keloids after surgery, intralesional corticosteroids are used during the immediate postoperative period (1 mL per application, once every 2 weeks, for the first 2 months after surgery). We use 3-mg betamethasone (Celestone^®^ soluspan). Although we still prefer beta-therapy, corticosteroid application is an alternative treatment when beta-therapy is not possible or not desired by the patient. In our study, 4 patients underwent application of corticosteroids after surgical resection, with good results.

The main side effects of corticosteroid therapy are local atrophy, depigmentation, and telangiectasia of the treated scar; although infrequent, some patients may be adverse to the use of systemic corticosteroids, even with the intralesional application. L[iu]{.smallcaps} and Y[emcha]{.smallcaps} [@JR160207-13] reported a case of iatrogenic Cushing\'s syndrome that developed after the use of intralesional injections of triamcinolona for the treatment of multiple keloids. The authors suggest, therefore, that physicians consider the dose and number of injections of intralesional corticosteroids that are necessary for the treatment of keloids. Taking into account the potential for recurrence and the aggressiveness of disease, there may be a need for large volumes and frequency of injections, which increases the potential of systemic effects; thus, patients should have their adrenal function monitored before signs of the syndrome appear.

However, regardless of type of adjuvant used, the risk of recurrence depends on local factors that are related to surgical wounds and on general factors that are related to the patient. A higher recurrence of keloids is seen in areas in which the wound is sutured with tension, or there is postoperative infection and dehiscence of the suture. Patients with positive family history and previous history of recurrent keloids that have failed previous therapies have a higher risk of recurrence[@JR160207-10] [@JR160207-11].

In our study, 1 patient did not undergo adjuvant therapy, but the keloid was small, showed no recurrence, and the patient was satisfied with the outcome.

The peak incidence of relapse occurs until around the 13th month, so patients with keloids should be monitored for a longer period of time[@JR160207-10]. We routinely monitor our patients for at least 1 year after the completion of treatment.

Although keloids are more common in people of black ethnicity, all patients that were treated in our department were classified as Caucasians. According to H[ochman]{.smallcaps} et al.[@JR160207-10], relapse rates show no relationship with ethnicity, age, or size of the lesion.

At the biochemical level, previous studies demonstrated increased expression of the cytokine transforming growth factor beta (TGF-β) and its receptors in fibroblasts from keloid tissue. The TGF-β family mediates physiological growth and promotes cell proliferation, inhibits apoptosis, induces synthesis of cyclooxygenase-2 (COX-2), and promotes tumor growth, invasion, and angiogenesis by upregulating the secretion of matrix metalloproteinase-2 (MMP-2). G[ao]{.smallcaps} et al.[@JR160207-14] showed increased expression of the gene for growth differentiation factor-9 (GDF-9, a family member of TGF-β) in fibroblasts of the peripheral region of the keloid tissue, which is the area that is responsible for the growth and invasion of normal tissues. This result suggests that the fibroblasts that produce a GDF-9 are responsible for the invasion of peripheral tissue.

U[lrich]{.smallcaps} et al.[@JR160207-15] showed that the formation of granulation tissue and wound healing depends on an adequate balance between the synthesis and degradation of the extracellular matrix, and that an excessive synthesis or degradation deficiency (or both) can lead to pathological scarring, including keloids. The enzymes involved in this process are the matrix metalloproteinases (MMPs), enzymes that degrade extracellular matrix components, which are inhibited by tissue inhibitors of metalloproteinases (TIMPs). The authors indicate that future non-surgical treatments that reduce the expression of TIMPs and increase that of MMPs may be effective therapeutic strategies for the treatment of pathologic scars such as keloids[@JR160207-15].

While these future therapeutic approaches may prove to be effective, the treatment of keloids, including retroauricular keloids, remains a challenge.

Conclusion
==========

The treatment of retroauricular keloids presents many difficulties, either with regard to the treatment of keloid itself or due to location.

In our department, we obtained the best results when surgical excision was combined with beta-therapy that was started soon after surgery.

It is expected that the development of other non-surgical therapies will facilitate the treatment of retroauricular keloids and other keloids as well.
